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This  is  a  report  of  the  1950  storage  experiments  with  Valencia  oranges 
conducted  at  Orlando,  Florida,  and  New  York  City,  N.  Y.     The  tests  were  a  part  of 
the  investigation  on  the  storage  of  citrus  fruits  conducted  hy  the  Bureau  of  Plant 
Industry,  Soils  and  Agricultural  Engineering,  and  The  Refrigeration  Research 
Foundation. 


Factors  Affecting  the  Keeping  Q,uality  of  Oranges  in  Storage 

The  purpose  of  placing  fruits  in  cold  storage  is  ohviouSo     It  is  primarily 
to  extend  the  marketing  season  and  to  hring  ahout  a  more  orderly  handling  of 
perishable  crops.    G-lutted  markets  usually  result  in  the  lowering  of  prices »  Risks 
are  involved  with  storage  of  perishable  crops,  and  sales  prices  must  he  high  enough 
to  justify  the  chances  taken  and  the  additional  costs  involved.     The  principal 
risks  in  the  storage  of  oranges  are  the  development  of  decay,  skin  breakdown,  and 
declining  prices »    The  latter  may  be  due  to  poor  storage  q\iality  or  to  the  compe- 
tition of  other  fruits  or  fruit  products. 

In  this  report  results  presented  are  from  the  1950  storage  of  Florida  Valencia 
oraJiges.     Good  storage  results  were  obtained  when  the  fmiits  were  stored  at  30® 
and  32®,  for  8  to  12  weeks,  and  when  relative  humidity  was  maintained  at  85  to 
90  percent.     High  percentages  of  decay  usually  developed  at  3^'^  F.  or  during  the 
7-day  holding  period  at  70°,  follov/ing  removal  from  storage.     Skin  breakdown  in 
the  form  of  pitting  and  aging  was   of  minor  importance  and  averaged  from  about  1 
to  2  percent.     During  storage  it  was  found  that  total  solids,   total  acid,  ascorbic 
acid,  and  percent  juice,  gradually  decreased. 
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The  U/5  bushel  phenodor  corrugated  f iber-'board  cartons  held  up  v/ell  ■'onder 
storage  conditions „  and  in  addition  resulted  in  controlling  decay  slightly  better 
than  Bruce  boxes  with  phenodor  liners » 

Storage  tests  v/ere  made  to  determine  the  keeping  quality  of  oranges  from 
various  sources  or  groves <.     The  variation  in  percent  decay  among  these  tests  lots 
was  not  pronounced  after  8  weeks  storage »     However,  after  12  and  l6  weeks  it  was  very 
marked  with  low  percentages  of  decay  in  lots  designated  as  C,        and  E,  and 
relatively  high  decay  in  lots  B  and  Go 

The  effect  of  size  of  fruit  on  keeping  quality  was  determinedo     It  was  found 
tha-"  decay  was  somewhat  correlated  with  size-     The  highest  amounts  of  decay  were 
founa  :  1  the  very  large  fruits,  size  126?,  while  the  lowest  amaints  occurred  in  the 
smallest  fruitSj,  size  250, 

Rootstocks  on  which  the  trees  were  grown  slightly  affected  Valencia  oranges  in 
storage »     Those  on  roijgh  lemon  had  slightly  more  decay  than  those  on  sour  or  sweet 
orange?  however,  the  differences  were  small. 

Storage  tests  were  made  to  determine  the  effect  on  keeping  quality  of  the 
following  treatments  as  cora:pared  with  untreated  fruit?     (a)     ethylene  onlys 
(b)  color--added  only;  and  (c)  ethylene-plus-color-added.     The  results  showed  that 
decay  vras  less  prevalent  in  lots  of  color-added  only  and  ethylene -plus-color-added 
than  in  the  controls  and  the  ethylene  only  lots,  and  more  decay  was  found  at  38®  than 
at  30°  or  32®  storage. 

Tests  were  made  on  holding  time  and  temperature  following  removal  of  oranges 
from  storage.     The  studies  were  too  limited  to  permit  more  than  tentative  conclusions 
however,  the  data  showed  a  striking  increase  in  amounts  of  decay  between  the  third 
and  seventh  day  at  70®        or  higher „     They  also  showed  the  advisability  of  returning 
stored  fruit  to  lew  temperatures  after  it  had  been  exposed  to  high  temperatures. 
The  data  further  sviggested  that  if  practicable  it  would  be  advantageous  to  reduce 
the  marketing  period  (  i.e.  the  period  during  which  the  fruit  would  be  subjected 
to  warm  temperatures)  for  stored  fruit  to  a  maximum  of  two  days. 

A  low  temperature  injury  was  observed.  Affected  fruits  were  somewhat  soft, 
flabby,  and  had  a  v/ater-soaked  appearance  over  the  entire  surface.  The  affected 
oranges  were  found  at  32®  as  well  as  30'^  storage.  The  injury  was  believed  to  be 
a  form  of  storage  or  low  temperature  breakdown  rather  than  a  freezing  injury. 

As  a  part  of  the  project  a  study  was  made  on  the  storage  of  11  cars  of  Florida 
grapefruit  and  oranges  at  terminal  markets.     The  cariots  of  fruit  were  shipped 
during  April  and  May>  19509  and  storage  was  at  either  New  York  (Jersey  City,  Ko  Jo), 
or  Pro-^idence,  R.  I. 

Each  carlot  was  handled  in  a  strictly  commercial  manner,  however,  complete 
information  was  obtained  as  to  the  history  of  the  fruit  from  the  time  it  was 
picked  until  sold.    G-rapefruit  storage  was  successful  for  only  4  weeks  because  of 
pitting  but  oranges  were  held  in  good  condition  for  12  weeks.     The  temperature  m 
the  commercial  storages  averaged  about  32'^  F.  with  relative  humidity  at  85  t-o  90 
percent.    The  amourit  of  decay  found  in  the  various  cariots  of  oranges  was  associated 
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with,  the  source  of  the  orangei'  and  length  oi  the  storage  period.. 

It  was  nor,  possible  to  make  direct  price  comparisons  'between  the  frait  marketed 
on  the  day  of  storage  with  comparable  fr-ait  sold  after  storage,,     It  may  be  st-ated 
that  the  3  cars  of  grapefruit  after  storage  sold  for  an  average  of  $3-32  per  box, 
and  the  S  cars  of  oranges  after  various  storage  periods  for  an  average  of  $5»^6  per 
boxo 

Material  and  Methods 

The  fruit  for  the  xestt,  unless  specif i8d„  was  limited  to  sizes  150  and  17^, 
and  wi,,-  packed  in  standard  Brace  boxei^  with  phenodor  treated  case  liners.  The 
oranges  for  these  studies  were  obtained  from  7  different  shippers  and  were  repre- 
sentative of  the  commercial  pack  and  quality  being  marketed  at  that  season  of  the 
year.    In  addition,  a  rruTTber  of  special  storage  tests  were  prepared  with  the 
cooperation  of  Chase  and  Coirrpa;a7  and  the  fruit  for  these  studies  was  obtained  from 
their  Isleworth  grove  located  at  Windermere ^  Flcridao    Other  tests  were  with  the 
Weathers  Packaging  Service  of  Orlando^  Ploridan  and  the  fruit  was  packed  by  the 
Haines  City  Citrus  Growers  Assn„  ^  at  Haines  City,,  Floridao 

At  Orlando  and  at  New  York  City  3  cold  storage  rooms  were  set  at  temperatures 
of  30®,  32®  and  38®  Fo     The  rooms  were  checked  frequently  and  a  continuous  record 
was  obtained  by  hygro--thermographso    Except  for  minor  fluctuations  the  temperatures 
for  the  most  part  held  within  a  narrow  range »    In  New  York  the  3^'-®  ^»  room  averaged 
30. U®;  the  32®  Fo  room  32,6®;  and  the  38®  room,  39o7®  F„    At  Orlando  there  v^as  a 
breakdo\m  of  the  refrigeration  plant  on  July  17tho     Steps  were  immediately  taken 
t.o  make  the  necessary  repairs,  but  when  this  failed  it  beoame  necessary  to  transfer 
all  of  the  tests  lots  to  one  commercial  storage  room  that  was  maintained  at  32®  F. 
The  Iruit  warmed  up  duririg-  the  attempted  repairs  and  transfer  and  i"!;  is  very 
probable  that  this  influenced  the  final  results  =     The  authors  v.rish  to  point  out  t-hat 
the  percentages  of  decay  would  ha^e  likely  been  somewhat  smaller  had  the  brealcdown 
not  occ-arred. 

Methods  of  procedure  and  of  inspections  of  fruit,  unless  indicated  othervidse ^ 
were  identical  with  those  used  in  t.he  tests  of  19^9o     In.  scoring  the  several  t;^,'p3S 
of  skin  breakdovm.,  a  given  fruit  showing  both  aging  and  pitting  was  scored  ujider  the 
defect  that  was  considered  rhe  more  serious  ble:?dsh.    Decay  was  always  considered 
more  serious  tha'*"  any  type  of  skin  breakdown.    Decayed  fruits  were  scored  under 
stem-end  rot  when    their    syiirptoms  were  rharacteristic  of  Digloi^ia  rot  or  phcriopsis 
rot,  even  thourS^h  the  d^c^ay  occurred  else-'hsre  tha-r.  at  t-he  stem  end„     Three  ir.-opgctioas 
were  made  J  namely,  at-  the  time  the  boxes  were  removed  from  storage,  3  ^if'^  after 
removal..,  and  7  'iays  after  removal.   -During  this  7-day  holding  period  the  tenperature 
was  70®  Fo  and  the  relative  humidity  65  to  30  p-rcent. 

As  a  result  of  two  previous  seasons'  storag'e  experiments  it  was  concluded 
that  a  7-day  holding  period  at  70®  Fo  was  too  severe  a  test  for  fruit  remo':'ed  from 
cold  storage?  that  stored  friit  might  normally  be  expected  to  move  thiough  raarketirg 
channels  and  reach  the  consumer  during  the  first  3  days  after  removal  from  storage. 
The  results  of  the  3"day  inspections  are  therefore  c y-. :  idared  '■"■o  have  far  greater 
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significance  than  those  of  x-he  ?-day  inspection„    It  might  be  pointed  out,  howeverj 
that  the  l-daj  inspection  wan  retained  for  the  purpose  of  correlating  the  present 
season's  results  with  those  of  19^8  and  19^9" 

The  phenodor  (diphenyl- treated)  liners  were  reino"5red  at  the  first  inspectiono 
Decayed  fruits  were  remoTed  and  discarded  a.^  the  first  and  second  inspections  hefore 
repacking  the  test  hoxes.     The  amount  of  decay  recorded  for  the  second  and  third 
inspections  is  cumulative;  that  is^  it  inclxidea  decay  counts  for  all  previous 
inspections o    Pitting  and  aging  records  of  the  second  inspection  and  commercial 
breakdown  of  the  third  inspection  are  not  comulatiTej  but  instead  are  based  on 
actual  counts  made  at  the  particular  inspectiono    The  term  "commercial  breakdown"  is 
equivalent  to  the  total  of  moderate  and  severe  Tging  and  moderate  and  severe  pitting. 
It  sLov.ld  be  noted  that  decays  other  than  stem-end  rots  and  Peniciilium  rots  are  not 
listed  by  specific  types,  but  are  with  total  of  decay  in  each  instanceo  Thus, 
total  decay  may  be  greater  than  the  sujh  of  decay  atx-ributed  to.  stem-end  rot  and 
Peniclllium  roto 

Samples  of  25  oranges  (size  150)  were  used  for  chemical  analyses  and  taste 
testso     The  fraits  were  taken  at  the  time  of  the  second  and  third  inspect! ons and 
the  determinations  were  made  in  duplicate  on  the  composited  juice o     In  order  to  be 
able  to  calculate  cumulative  percent  decay  for  all  3  ir:spections ,  it  was  necessary 
to  apply  a  correction  factor  to  decay  records  of  the  ?"day  inspection  for  those 
boxes  from  which  samples  were  removed  for  juicing.     In  doii  "^^g  so,  it  was  assumed 
that  had  the  25  fruits  been  held  for  the  additional  ^-day  period  they  would  have 
become  affected  with  decay  in  the  same  proportion  as  those  not  so  rsmovedo 


HESULTS  AT  ORIAITDO,  FLORIDA 

Effect  of  Storage  Temperature  on  Decay,  pitting^  Aging,  and  Composition 

Equally  good  results  were  obtained  when  oranges  were  stored  at  3^®  and  32® » 
whereas  high  percentages  of  decay  developed  during  storage  at  38®  Fo     It  will  be 
noted  in  figures  1  and  2  tha^  insignificant  to  small  amounts  of  decay  developed  during 
8  and  12  weeks  at  30®  and  32®  F,    Much  decay  dereloped  during  storage  at  38®  and 
during  the  7-day  holding  period  at  70® »    Attention  has  been  called  to  this  7^-day 
holding  period  and  figiare  2  shows  the  development  of  decay  during  this  tiraeo     It  will 
be  observed  that  comparatively  small  amounts  of  decay  developed  during  the  first  3  days 
at  70®.  but  the  amount  increased  rather  rapidly  between  the  third  and  seventh  day. 
The  results  (fig..  2)  also  indicate  that  decay  increased  with  the  length  of  storage, 
being  much  higher  after  storage  for  l6  weeks  than  after  storage  for  12  or  8  -we'ekSo 

Skin  breakdov/n  in  the  form  of  storage  pitting  or  aging  was  of  minor  commercial 
importance  and  severs  pitting  seldom  reached  1  percent  (figo  3)° 

The  percentages  of  fruit  tha'^-  shewed  aging  were  small,  but  somewhat  greater 
than  those  showing  pitting.     The  results  on  aging  are  presented  in  figi.are  k  and  it  will 
be  seen  that  less  than  1,5  percent  developed  during  storage.    More  aging  developed 
durir^g  the  7-day  holding  period  at  70^  F,  but  averaged  only  about  2  percent. 


Chemical  analyses  were  made  on  the  juice  of  Valencia  oranges  X-o  determine 
the  changes  in  internal  composition  of  the  fruit  during  storage „     Some  of  these 
data  have  "been  summarized,,  and  the  results  are  graphically  presented  in  figure 
5o     It  will  be  seen  that,  most  of  the  chemical  constituents  followed  definite 
trends  and  that  total  solids,  total  acid,  ascorbic  acid  and  percent  juice  decreased 
with  storage o    Different  storage  temperatures  appeared  to  have  little  influence 
on  composition.     It  did,  however.,  affec"*"   ihe  flavor  of  the  juice  and  the  taste 
tests  showed  that  fruits  from  3O®  and  32''  storage  were  more  favorably  rated  than 
those  from  3^®  stcrage.     The  loss  in  weignt  was  calculated.     There  appeared  to  be 
very  little  difference  betv/een  30'°  SLXid  32*^  while  the  greatest,  loss  was  noted  with 
storage  at  ^S'^  0    For  example,  at  32®  loss  of  weight  after  8  weeks  storage  generally 
averaged  about  1.2  percent;  after  12  weeks  storage,,  2  percent?  after  16  weeks, 
3.2  percent.    At  38®  loss  of  weight  after  8  weeks  storage  amounted  to  2.5  percent, 
after  12  weeks,         percent;  and  after  16  weeks,  6«2  percent^ 

Phenodor  Treated  Cornigated  Fiber  Containers  Versus  Phenodor  Case  Liners 

A  series  of  storage  tests  were  conducted  in  which  comparisons  were  made 
between  the  t)henodor  treated  fiber  container  and  the  phenodor  case  liner.  The 
2  test  lots  of  fruit  v;ere  packed  by  1  shipper  from  the  same  crop  of  fruit.  Each 
lot  consisted  of  20  boxes  of  fruit  and  storage  was  at  30® s  32®,  and  38®  F. 
Inspections  on  the  fruit  were  made  at  the  end  of  each  storage  period  and  twice 
during  the  holding  test  at  70®  F:.     The  fruit  and  containers  used  in  these  storage 
tests  were  furnished  by  the  Weathers  packaging  Service  and  packed,  by  the  Haines 
City  Citrus  ^rrowers  Association. 

The  standard  U/5  bushel  phenodor  corrugated  fiber  carton  held  up  in  storage 
remarkably  well.    The  cartons  were  easy  to  handle  since  they  were  only  half  as 
large  as  the  standard  Bruce  box.    Results  on  keeping  quality  of  the  fruit  showed 
slightly  smaller  amounts  of  decay  in  ^he  phenodor  cartons  than  in  the  phenodor 
linered  Bruce  boxes.     Some  of  these  data  are  presented  in  figure  6.     Less  decay 
developed  at  storage  temperatures  of  3O®  and  32®  than  at  38®  F. 

Effect  of  QxoYB  Variation  on  Storage  Q.uality 

Storage  tests  were  made  to  determine  the  keeping  quality  of  oranges  from 
various  sources.     The  test  lots  consisted  of  fruit  from  9  different  groves  and 
were  stored  for  8,  12,  and  16  weeks  at  30®  „  32®,,  and  38®  F„    Each  lot  consisted 
of  20  boxes  of  fruit  representing  the  quality  axid  pack  going  to  market.  Eight 
lots  were  packed  in  standard  1-3/5  bushel  Brace  boxes  with  phenodor  case  liners , 
while  the  remaining  lot  was  packed  in  standard  4/5  bushel  phenodor  treated  corru- 
gated fiber  cartons.     The  fruit  \mQ  inspected  a"^  the  end  of  each  storage  test  and 
tv/ice  during  the  l-^j  holding  period  at  70®  F. 

The  results  of  these  tests  indicate  considerable  variation  in  storage  quality 
among  lots  or  groves.    It  will  be  seen  in  figures  7  and  8  that-  percent  total 
decay  after  12  and  16  weeks  of  storage  was  usually  low  in  lots  C,  D,  and  E,  while 
higher  percentages  of  total  decay  were  found  :lr'.  B  and         There  did  not  appear  to 
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"be  very  much  difference  in  percentage  decay  bex-ween  storage  at  30*^  and  32®  Fo 
Differences,  however,  were  found  "between  32®  and  38®  storage,  with  much  higher 
percentages  of  decay  deTeloping  at-  the  latter  storage  temperature. 


Effect  of  Size  of  Fruit  on  Decay  in  Storage 

Storage  tests  ha;re  been  made  to  determine  the  effect  of  size  of  fruit  on 
storage  qualityo    These  tests  included  6  boxes  of  frait  of  the  following  sizess 
12b,  150,  176,  200,  216,  and  250o     Sr.orage  was  for  g  and  12  weeks  at  32^  F„  The 
oranges  were  inspected  at  the  end  of  each  period  and  twice  after  transfer  to  70®  F.. 

It  may  he  seen  in  figure  9  that  small  amounts  of  decay  developed  during  8 
weeks  and  12  weeks  storage  at  32®  Fo  and  that  decay  was  insignificantly  influenced 
"by  size.    Most  of  the  decay  occurred  during  the  holding  test  at  70°  Fo  and  developed 
largely  between  the  third  and  seventh  day.     In  this  connection,  it  may  be  observed 
that  decay  was  to  some  extent  correlated  v/ith  the  size  of  the  fnait,  the  highest 
amounts  of  decay  being  found  in  the  Tery  large  fruits,  size  126?  while  the  lowest 
amoixnts  were  found  in  the  smallest  fruits^  size  25O,     The  data  were  not  always 
consistent  and  the  most  striking  ixiconsis tency  was  the  rather  low  percentages  of 
decay  found  in  size  15O0 

Chemical  analyses  were  made  on  these  fruits  to  determine  the  effect  of  size  on 
compositiono  Some  of  these  data  are  sum.marized  in  figure  lOo  It  may  be  observed 
that  size  of  fruits  did  not  affect  percent  juice  per  fruito  It  did„  however,  affect 
the  total  solids,  total  acid  a:ad  ascorbic  acid  content,  in  that  lower  amounts  were 
associated  with  the  larger  fruits  and  higher  amounts  with  the  smaller  fruitSo  It 
may  also  be  noted  that  the  total  acid,  ascorbic  acid,  and  percent  juice  per  fruit 
decreased  with  length  of  storage  while  total  solids  increasedo 


The  Relation  of  Roctstocks  to  Storage  Quality 

Tests  were  made  to  determine  the  keeping  quality  of  Valencia  oranges  groTO  on 
rough  lemon,  sour  o range c  and  &*?eet  orange  roots  cocks »     The  fruit  was  obtained 
from  Chase  and  Company  and  came  from  their  groves  located  at  Windermere,  Florida. 
Each  storage  lot  consisted  of  20  boxes  and  the  fruit  was  stored  for  S,  12,  and  16 
weeks  at  30®,  32® »  and  'jS^  F.     The  fruits  were  examined  at  the  end  of  each  storage 
period  and  twice  during  the  holding  test  az  70®  F. 

In  these  tests,  rootstocks  affected  the  keeping  quality  of  the  fruit  in  that 
slightly  more  decay  was  fouJid  in  the  Valen^ias  grown  on  rough  lemon  than  in  those 
grown  on  sweet  or  sour  orange  rootstocks o     The  results  on  total  decay  are  shorn  in 
figure  lio     The  origirial  data  showed  that  small  amounts  of  decay  occurred  during 
storage  at  30®  and  32®,  while  greater  amounts  were  found  at  3^®  F.     Total  desay 
increased  with  the  length  of  the  storage  period  and  was  regarded  of  economic 
importance  when  the  storage  was  extended  from  12  to  16  weekso 
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EESIJLTS  AT  NEW  YORK„  N„  Y. 


Relation  of  Color- ■added  and  Ethylene  Treatments  to  Storage  Behavior 

Studies  v;ere  conducted  to  determine  the  effect  of  ethylene  and  color-added 
as  prestorage  treatments  on  the  keeping  quality  of  stored  fruit  at  30®,,  32®,  and 
38®  F. ,  respectively.     The  test  consisted  of  k  lots  of  fruit  of  20  "boxes  each  as 
followss     (a)  control  -  treated  with  neither  ethylene  nor  color-added,  (1))  ethylene 
only 5   (c)  color-added  only,  and  (d)  ethylene  plus  color-added.     Thp  ethylene 
treatment  was  for  ^3  iiours  at  a  temperature  "between  80®  -  85®,  and  tlie  color-added 
solution  was  held  at  128®  F„    where  used.    All  lots  of  fruit  passed  throiogh  the  soak- 
ing, tank  which  contained  Dowicide  A?  liquid  soap  was  used  in  washing.     The  ^  lots 
v/ere  waxed  with  Food  Machinery  Company  "Flavorseal"  (fog  wax).    Precooling  was  for 

hours  and  the  test  fruit  was  shipped  with  other  f.ruit  in  car  FG-EX  577^6  under 
refrigeration  (Section  2,  Rule  80).    Ryan  recording  thermometers,  located  in 
"bottom  and  top  dooi*way  packages,  showed  practically  identical  temperatures;  namely„ 
a  fairly  gradual  drop  from  88®  F.  at  noon  of  April  26  to  alDOut  50^  F.  at  time  of 
loading  on  April  28th„    Durlrig  the  transit  period  the  temperature  dropped  slowly 
to  ^2®  at  the  time  of  tmloading  on  May  2„  >n.th  a  further  drop  of  2  degrees  between 
time  of  unloading  and  the  time  the  test  "boxes  were  placed  in  the  different  storage 
rooms  on  May 

Insxiections  on  the  fruit  were  made  at  the  end  of  8,  12,  arxd  16  weeks  storage, 
and  tvrice  during  the  holding  period  at  70®  5'» 

The  findings  showed  that  relatively  little  decay  or  skin  breakdown  occurred 
during  storage  for  8  or  12  weeks  at  30®  or  32®  or  during  the  3  ^7  period  at 
70®  Fo  following  removal  from  storage.     Rather  high  amourrts  cf  decay  were  present 
in  all  lots  stored  at  38®  F.  for  12  and  iS  weeks.     (See  figure  12.)    Turing  the 
holding  tests  at  70°  decay  increased  to  such  an  extent  as  to  make  38®  storage 
impractical. 

From  the  start  to  the  end  of  the  test,  the  fruit  treated  ip.fi th  color-added 
(either  alone  or  v/ith  ethylene)  had  the  deepest-  orange  rind  color,  and  the  control 
lots  the  greenest.     Other  than  that,  there  was  no  distingui8ha.ble  difference  in 
appearance,  firmness,  or  freshness  among  treat-ments.    A  careful  examiriaticn  of 
the  data  showed  that  severe  aging  and  pitting  were  generally  more  prevalent  in 
the  fruit  treated  with  ethylene,  particularly  v/here  ethylene  was  used  in  conjunction 
with  color- -added. 

Data  on  the  juice  characters  showed  a  general  uniformity  among  treatments, 
storage  temperatures,  and  length  of  the  storage  pericdo     The  exception  was  that 
flavor  was  generally  rated  as  fair,  instead  of  good„  when  storage  was  extended  to 
12  and  16  weeks. 

There  was  likewise  a  general  'uniformity  in  less  in  weight.    The  results 
show  there  was  an  average  loss  of  2.3  percent  at  S  weeks?  3-2  percent  at  12  wee"Ks ; 
and  U.O  percent  at  16  weeks  storage. 

Attention  should  be  called  to  a  low  temperature  storage  injury  that  occurred 
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at         Si'^^  32°  F.  ,  'but  was  more  serious  with  fmiits  sx-orett  at-  the  lower  temperature. 
The  affected  oranges  were  somewliat  softp  flabt'^p  and  had  a  water  - soaked  appearance 
of  the  entire  surface.    Distribution  of  thesse  affected  fruits  was  as  foilowss 
2  percent  in  2  of  the  8  boxes  withdrawn  af  '-er  8  weeks  storage  at  }0'^  F. ;  none  in 
storage  lots  at  32®  F. J  2.5  percent  in  5  of  8  b axes- withdrawn  after  12  weeks  at 
30°  F. ?  lo5  percent  in  2  of  8  boxes  stored  at  32®  F.     Injured  fruits  were  found 
in  all  8  boxes  after  16  weeks  storage  at  30'^?  with  3  percent  noted  at  the  first 
irspection  and  ctumilative  totals  of  5  and  6  percent  at  second  and  third  inspections, 
respeetivelyo    At  32®  affected  fruits  were  found  in  all  8  boxes  which  averaged 
about  2  Toercentp  and  was  most  evident  at  the  time  of  the  second  inspectiorio 

So  far  as  could  be  determined  the  temperature  in  the  30®  rooii;  never  dropped 
low  en:)Ugh  to  cause  freezingu    At  the  same  time  it  is  recognized  that  tM  s  possibi- 
lity has  to  be  considered.     The  fact,  however,  that  affected  oranges  were  foimd 
scattered  through  the  box,  and  that  the  condition  wrs  also  observed  in  lots  stored 
at  32®,  af  well  as  30'^3  indicates  that  the  water-soaJced  condition  was  a  form  of 
storage  ■■  or  low-temperature  breakdown,,  rather  than  freezing  injury. 

From  an  overall  picture  of  the  test  it  would  appear  that  best  results  were 
secured  by  storage  at  32^,  rather  than  at  either  30^  or  38®.    At  32®,   the  12 
week  storage  period  was  entir'=!ly  successful.     On  the  basis  of  condition  only  at 
time  of  removal;,  storage  was  successful  for  the  16  weeks.    Hows'^erj  decay  increased 
rapidly  during  the  ^-day  holding  test  at  70®  and  the  results  indicated  tha,t  16 
weeks  was  too  long  a  storage  period  for  this  fruit. 


Relation  of  Rootstock  to  Storage  Behavior 

Tests  were  also  conducted  in  New  York,  N.  Y,  to  determine  the  storage 
behavior  of  fruits  grown  on  ro'ogh  lemon  and  sour  orange  rootstocks.     The  test 
packages  consisted  of  2  test  lots  of  20  boxes  each  and  storage  was  for  8,  12,  and 
16  weeks  at  30"?  32®  and  38®  F.     Inspections  on  the  fniit  were  made  at  time  of 
removal  from  storage  and  after  3  and  7  days  at  70®. 

Packing  house  treatments  were  the  usual  ones.     The  fruit  was  washed,  waxed, 
and  polished.     The  test  frui'f  was  shipped  to  New  York  with  other  fruit  in  car 
WFEX  71076  under  refrigeration  (Section  2,  Rule  80).    During  rail  transits  the 
temperature  in  the  car  was  reduced  from  62®  to  50®° 

The  results  presented  in  figure  13  show  that  the  rootstocks  on  which  the 
oranges  were  grovm  affected  total  percentage  of  decay.,     It  may  be  observed  that 
slightly  lower  amounts  occurred  in  storage  and  during  the  ])-dB.y  holding  test 
when  the  Valencias  were  growxi  on  sour  orange  rather  than  rough  lemon  rootstocko 
The  differences  were  small  but  were  in  agreement  with  other  results  presented 
earlier  in  this  report.. 

There  are  other  points  that  should  be  mentioned.    For  example,  slightly 
less  decay  occurred  at  32®  than  at  3^®  and  as  would  be  expected  total  de-cay 
increased  with  length  of  storage.    Very  high  percentages  of  decay  developed  at 
38®  storage  as  was  the  case  in  tests  made  in  Orlando o 
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There  was  little  correlation  between  rootstocks  and  the  small  amount  of  skin 
breakdown  that  was  fotmdo     Severe  pitting  and  aging  seldom  exceeded  2  percent 
and  were  generally  regarded  as  too  small  to  have  economic  importance. 

Comparison  of  Holding  Temperatures  Following  Removal  of  Oranges  from  Storage 

Storage  tests  were  conducted  at  New  York  City  to  determine  the  rate  of 
increase  in  decay  in  oranges  held  at  different  temperatures  following  storage. 
Twenty-eight  boxes  of  fruit  were  used  in  the  studies  and  2  tests  were  made,  one 
after  7  weeks  storage,  the  other  after  1^  weeks^  both  at  32'^  Fo     The  procedure 
after  storage  was  as  follows?     (a)     fruit  was  held  continuously  at  SO®  to  S5®; 
(b)    a-  70®;     (c)     in  a  home  refrigerator  at  Uo®  to         after  previous  storage 
for  2,  3.  Bind.  H  days  at  70®.     The  fruit  was  inspected  for  decay  at  the  time  it 
was  removed  from  32°  storage.    During  the  holding  period  it  was  inspected  daily, 
for  the  most  part,  for  a  one  week  period.    Decayed  oranges  were  removed  at  each 
inspection. 

Comparatively  little  decay  was  found  at  the  initial  inspection  (after  7 
weeks'  storage  at  32®).     The  fourth  day's  inspection  showed  somev/hat  greater 
amounts  of  decay  in  those  boxes  of  fruit  which  were  held  continuously  at  high 
temoeratures  (70®  and  80°  to  85®) »  and  decay  increased  during  the  remainder  of 
the  7-day  holding  period.     There  wa^  little  difference  between  the  lots  transferred 
to  ^0-^5°,  after  2,  3^  or  U  days  holding  at  70^.    Eove-'rer ,  m?j.ch  less  decay  was 
found  in  this  fruit  transferred  to  Uo^to  ^5®     tlia.n  in  those  lots  t,hat  were  held 
continuously  at  high  tenrperatures .     (See  figare  lU.) 

More  prono\inced  difference?  were  found  among  lots  in  the  test  conducted 
after  ik  vreeks'   storage  (com.pare  A  vath  B  in  figure  lU) .    Decay  developed  rapidly 
in  the  fruit  that  was  held  conta.nuously  at  high  temperatures  (70®  and  80®  to  85°), 
after  removal  from  storage.     Considerable  decay  developed  in  3  and  k  days  at 
70®  before  the  oranges  were  transferred  to  Uo®  to  ^+5®  ?  and  there  was  little 
difference  betv;een  the  fimit  held  3  and  k  days  in  respect  to  decay  de'"elopment. 
Much  less  decay  was  found  in  the  lot  that  was  transferred  after  2  days  at  70®. 
This  lot  of  fruit  had  a  low  decay  count  at  the  time  of  the  initial  inspaction, 
and  again  after  2  days  at  70®,  suggesting  fewer  infected  fruits  at  the  start  of 
the  test.     Thus,  the  lot  did  not  appear  typical  of  the  whole. 

These  tests  were  too  limited  in  scale  to  pe^rmit  more  than  tentative  conclusions. 

The  data  do  show  the  striking  increase  in  decay  between  the  third  and  seventh 
day  at  70®  and  80®  to  85®  F.     They  also  show  the  ad-'-isability  of  using  refrigeration 
in  the  store  and  home  to  prevent  decay  of  oranges  removed  from  cold  storage.  The 
data  further  suggest  that  if  practicable  it  would  be  advantageous  to  reduce  the 
marketing  period  (i.e.  the  period  during  which  the  fruit  would  be  subjected  to 
warm  temperatures)  for  stored  fruit  to  a  maximum  of  2  days. 
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COMMERCIAL  STORAGE  OF  ELEVEN  CARS  OF  FLORIDA  GRAPEFRUIT  AND  ORAtlGES 

AT  imJ  YORK  AND  PROVIDENCE 


As  a  part  of  the  project  on  the  storage  of  citrus  fruitSj  a  study  was  made  on 
the  storage  of  8  cars  of  Florida  oranges  and  3  cars  of  Florida  grapefruit  (a  total 
of  5»?75  standard  1-3/5  bushel  Bruce  'boxes).     The  carlots  of  fruit  were  shipped 
during  April  and  May  1950  and  storage  was  at  either  New  York  (Jersey  City,,  No  J,.), 
or  Providence,  Rhode  Island, 

The  study  vas  made  through  the  mutual  cooperation  of  various  shippers  and 
their  sales  representatives,  Merchants  Refrigeration  CoiTipany,  New  York;,  N,  Yo  ^ 
Merchants  Cold  Storage  and  V^arehouse  Company,  Providence,  Ro  I  =  ,,  Messrs »    Ho  Co 
Diehl,  Director  of  The  Refrigeration  Research  Foundation,  and  ¥=  H.  Pentzer  and 
other  representatives  of  the  JJ.  So  Department  of  Agricultureo 

Each  cariot  of  f::^iit  was  handled  in  a  strictly  commercial  manner,  and  complete 
information  was  obtained  as  to  the  history  of  the  fruit,  packing-house  treatment, 
and  shipping  conditions »     Inspections  of  the  fruit  were  iriade  at  the  time  the  cars 
were  unloaded  and  periodically  during  storageo    Usually  at  each  inspection  h  hoxes 
of  representative  sizes  were  taken  to  the  Market  Pathology  lalDoratory  at  New  York 
City,  where  the  phenodor  liners  were  remoTed  and  discarded.    The  fruit  was  examined, 
decayed  fruit  removed,  and  the  sound  fruit  repacked  and  placed  at  70®  F,  for 
inspections  after  3  an-<l  7  days.     The  "boxes  of  f:rait  from  the  Providence  cars  were 
shipped  "by  refrigerated  truck,  giving  overnight-  service  to  the  New  York  lalDoratory. 

The  shippers  and  their  sales  representatives  were  kept  informed  of  the  condition 
of  the  stored  carlots  of  fruits  and  in  some  instances  were  advised  to  move  the 
fruit  out  of  storage  "because  of  the  developmen"*;.  of  pitting  or  decay o     Otherwise „  no 
attempt  v/as  made  to  influence  the  shipper  as  to  length  of  storage » 

It  might  "be  pointed  out  that  although  the  present  report  deals  with  the  storage 
of  oranges  the  information  on  storage  "behavior  of  the  3  carloads  of  grapefruit  is 
included  since  the  cars  were  stored  ainder  the  same  research  program.     Because  of 
pitting  of  the  rind,  storage  of  the  grapefruit  in  all  3  carloads  W8.s  successful  for 
only  h  weeks.     Two  cars  were  removed  after  that  storage  period.    A  third  was  held 
in  storage  8  weeks  m.th  the  result  that  pitting  xi? as  much  more  serious  when  these 
fruits  were  removed.     The  3  ciars  sold  for  an  average  of  $3»32  per  "box:. 

It  v/ill  "be  noted  that  the  8  carloads  of  orajiges  were  stored  for  varying  periods 
ranging  from  5        12  weeks  with  an  average  of  8  weeks.    Although  the  data  are  not 
shown  in  the  table  it  may  "be  stated  thar,  commercially  important  skin  "breakdown 
(pitting  and  aging)  averaged  no  greater  than  1  percent  in  each  of  h  carloads  of 
oranges  at  the  time  of  removal  from  storage.     In  the  other  h  cars  it  aTeraged  2 
percent  in  car  J,  3  percent,  in  car  G„  ^  percent-  in  car  H,  and  2  to  8  percent  i-v  car 
D.     The  amount  of  decay  found  in  the  rarious  carlots  of  oranges  ranged  between  0.5 
percen-c  to  5  percent  and  was  associated  with  the  source  of  the  oranges  and  the  length 
of  the  storage  period.     The  8  carloads  of  orariges  sold  for  an  a-'erage  of  $5o^6  per  box. 

Pertinent  data  are  summarized  in  table  1, 
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PIQUEE  2,-— THE  DEVELOPMENT  OF  DECAY  DURING  THE  HOLDING  PERIOD  FOLLOV/ING 
COLD  STORAGE,     (PERCENTAGES  BASED  ON  AVERAGES  FROM  9  DIFFERENT  TEST 
LOTS.) 
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FIGUEE  U.— DEVELOPfffiNT  OF  A^ING  IN  COLD  STORA&Eo     (PERCENTAGES  BASED  ON  AVERAGES  FROM 
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FIGURE  9.— EFIECT  OF    SIZE  ON  TOTAL  DECAY  AT  32^  F.  ST0EA&E„     FIRST  INSPECTION 
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FIGURE  10  o- -EFFECT  OF  SIZE  OF  FRUIT  OK  THE  COMPOSI  TlOi^I  OF  YALEI'IGIA  ORA^TGES 
STORED  FOR  8  AKD  12  WEEKS  AT  32®  F, 
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FIGUKE  lU,-  -  -EELATirN  0?  HOLDING  TEMPERATURE  TO  DECAY  OF  nRANGT?S  AFTER  ST'^RAGE. 
A,  AFTER  7  vrEEKS  STORAGE  AT  32®  F,',  B,  AFTER  14  V/EEKS  STORAGE  AT  32-  F. 


